Expression of NOS1 and soluble guanylyl cyclase by human kidney epithelial cells: morphological evidence for an autocrine/paracrine action of nitric oxide.
Nitric oxide plays an important role in the kidney through effects on both renal hemodynamics and tubular functions. Tubular epithelial cells are thus a target for nitric oxide. However, as to whether tubular epithelial cells endogeneously produce nitric oxide under physiologic conditions in human kidney is currently unknown. The aim of the present study was to characterize and localize in situ the nitric oxide synthase (NOS) isoforms (NOS1, NOS2, and NOS3) expressed in human normal kidney, and soluble guanylyl cyclase, the well-known target for nitric oxide. Five complementary experimental approaches were used: (1) detection of NOS reductase activity by nicotinamide adenine dinucleotide phosphate (NADPH)-diaphorase histochemistry, (2) immunolocalization of the NOS isoforms (NOS1, NOS2, NOS3), (3) immunoblot analysis, (4) quantitative reverse transcription-polymerase chain reaction (RT-PCR) analysis of NOS mRNA, and (5) measurement of NOS activity as the conversion rate of l-[14C]-arginine to l-[14C]-citrulline. In addition, in situ detection of soluble guanylyl cyclase was assessed by immunohistochemistry. All these techniques led to consistent results showing that epithelial cells of most tubules along the human nephron exhibit functional NOS1, with a corticomedullary gradient observed both at the protein and mRNA levels. Moreover, epithelial cells expressing NOS1 also express soluble guanylyl cyclase, indicating that these cells possess the machinery for autocrine/paracrine effect of nitric oxide. The present study demonstrates that NOS1 is strongly expressed in most tubules of the human nephron and therefore invites to consider epithelial cells as one of the major source of nitric oxide in the human kidney under physiologic conditions.